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Abstract: Alterations in colonic mucus secretion are linked to the induction and maintenance of inflammation during
inflammatory bowel disease (IBD) and its progression to colorectal cancer (CRC). MUC1, a multifunctional glycopro-
tein, is the best studied cell surface mucin in mouse models of IBD and CRC. However, little information on MUC1
expression and localization in different types of pathologic human colon mucosa is available. In this work, expres-
sion and subcellular localization of MUC1 in different types of diseased human colon mucosa from a cohort of
Tunisian patients is analyzed and correlated with the type of disorder. Colon tissue samples were obtained from 39
cases of CRC and 18 cases of IBD. 13 cases of normal adjacent colon mucosa tissues served as controls. Biopsies
were subjected to immunohistochemical analysis of MUC1 expression. Signals were quantified densitometrically
and characterized with regard to tissue and intracellular distribution. Results were then correlated with the different
types of colon disorder. Immunohistochemical investigation of MUC1 in a cohort of inflammatory bowel diseases
and colorectal cancer showed a significant divergence in the expression of MUC1 in terms intensity (18.96% + 0.55
vs 27.26% + 1.24 respectively; P=0.005) and localization between the two types of lesions (30.76% vs 70.96%
respectively; P=0.0199). Our findings show divergent characteristic patterns for MUC1 expression and localization
in different types of pathologic alterations of the colon mucosa. These results are of potential diagnostic and predic-
tive clinical value.
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Introduction quence of changing life style in developing

regions, IBD cases are expected to progressive-

Both benign and malignant disorders with
severe clinical implications and overlapping
symptoms frequently affect the colonic muco-
sa. Importantly, inflammatory diseases of the
colon may favor the development of cancer. It
is, thus, important to differentiate between cat-
egories of colonic malady at a preferably early
stage to optimize appropriate treatment.

The term inflammatory bowel disease (IBD)
includes mainly two clinically defined entities.
Crohn’s disease (CD) and ulcerative colitis (UC)
refer to chronic remittent or progressive inflam-
matory disorders that concern the intestinal
tract [1]. The risk of IBD is influenced by life
style; prevalence is considerably higher e.g in
Europe compared to North Africa. As a conse-

ly rise in the near future [2, 3]. Notably, patients
with IBD have a clearly increased risk to devel-
op colorectal carcinoma (CRC), a cancer with a
high rate of mortality [4, 5].

Until now, the accepted etiology of IBD com-
bines environmental and genetic factors which
contribute to the loss of intestinal integrity and
an excessive immune response to the commen-
sal microbiota [6]. Proteins of the mucin family,
which form the major component of the protec-
tive mucus layer, constitute the only physical
and biochemical barrier between microbiota
and immune cells. Both secreted and trans-
membrane mucins are closely involved in the
maintenance of intestinal homeostasis [7, 8].
Formation of leaks in the epithelial barrier
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structural and/or quantity alterations of mucin
plays key roles in the initiation and progression
of IBD and also in its progression to cancer [9,
10]. Among mucins, MUC1 has attracted par-
ticular interest as a potential target in diagnos-
tics and future immunotherapy in both IBD and
CRC [11]. Full length MUC1 is a large glycosyl-
ated type | transmembrane protein 200-500
Kda in size expressed on glandular or luminal
epithelial cells of serval organs including colon-
ic mucosa [12].

The extracellular domain contains a variable
number of tandem repeat regions (VNTR), com-
posed of 20-200 tandem repeat (TR) units,
each 20 amino acids in length and rich in pro-
lines and O-glycosylated serines and threo-
nines. It undergoes autoproteolytic cleavage
resulting in the generation of two subunits
which remain non-covalently linked [13]. On
normal epithelia, MUC1 is heavily glycosylated
and expressed at low levels. In contrast, it is
strongly over-expressed and markedly hypo-
glycosylated in various epithelial cancers such
as carcinomas of the pancreas, breast, pros-
tate and bladder [14]. Importantly, these fea-
tures of MUC1 form have been correlated with
poor prognosis in these cancers [15].

Hence, we analyzed MUC1 expression and
localization in different types of lesioned muco-
sa: in a cohort of Tunisian patients affected by
IBD or CRC with the aim of associating MUC1
abundance and distribution with disease cha-
racteristics.

Material and methods
Patients and tissues

Seventy paraffin-embedded tissues from colon-
diseased patients collected by the department
of pathology of the Institute of Cancer Salah
Azaeiz of Tunis were included into the study.
The patient cohort comprised 18 cases of IBD
(mean age 31; 8 males, 10 females), 39 cases
of CRC (mean age 54; 17 males, 22 females)
and 13 (control) cases without pathologic find-
ings. Histomorphological assessment of sam-
ples was performed by certified pathologists on
the basis of corresponding hematoxylin and
eosin-stained slides.

All clinicopathologic and personal information
was anonymized and detached from any per-
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sonal identifiers. The study was conducted in
concordance with local ethical regulations.

Antibodies

Rabbit polyclonal antibody (H-295) (Santa Cruz,
Dallas, TX, USA), recognizing amino acid resi-
dues 961-1255 at the C-terminus of human
MUC1 was employed for immunohistochemical
detection of MUCL. Anti-rabbit Polymer-HRP-
IgG provided with the NovoLinkTMPolymer
detection system (Novocastra Laboratories
Ltd, Newcastle, UK) was used as secondary
antibody.

Immunohistochemistry

Hematoxylin-eosin staining and immunohisto-
chemical analysis was performed as described
[16]. Briefly, tissues were fixed for 24 h, dehy-
drated and embedded in paraffin before 4
pm sections were processed employing the
NovoLinkTM Polymer Detection Systems (No-
vocastra Laboratories Ltd.) method. Following
deparaffination and rehydration, antigens were
retrieved by incubation of slides in 0.1 M citric
acid. Endogenous peroxidase activity was
then quenched by incubation with Peroxidase
Block (3-4% (v/v) hydrogen peroxide) and non-
specific binding of primary antibody was
prevented by incubation of sections with
Protein Block (0.4% Casein in phosphate-buff-
ered saline, with stabilizers, surfactant, and
0.2% Bronidox L as a preservative) (Novocas-
tra).

Tissue sections were incubated with anti-MUC1
serum overnight at 4°C at a dilution of 1:400
followed by incubations with Post Primary Block
(Rabbit anti mouse IgG (<10 pyg/ml) in 10% (v/V)
animal serum in Tris-buffered saline/0.09%
ProClin™ 950 (Novocastra Laboratories Ltd.)
for 30 min, NovoLinkTM Polymer (Anti-rabbit
Poly-HRP-IgG (<25 pg/mL) containing 10% (v/V)
animal serum in Tris-buffered saline/0.09%
ProClin™ 950 (Novocastra Laboratories Ltd.)
for 30 min) and 3, 3’-diaminobenzidine (DAB)
working solution (Novocastra Laboratories Ltd.)
for 5 min to assess peroxidase activity.

Slides were counterstained with hematoxylin
and visualized using an Olympus CX41 micro-
scope equipped with 10 %, 40 x and 100 x
objective. Colon tissues of each type were incu-
bated with 50 ul blocking peptides (Santa Cruz
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Figure 1. Immunohistochemical staining for MUC1 in normal and lesional human colon mucosa. Representative
thin sections from healthy individuals (“normal”) and IBD and CRC patients were stained with anti-MUC1 serum
and probed with peroxidase-coupled secondary antibody as described in Material and Methods. For visualization,
a x 10 objective (top panel) and a x 40 (bottom panel) were employed. Scale bars represent 200 ym or 50 ym,

respectively.

Biotechnology, Dallas, TX, USA) in place of pri-
mary antibody for control purposes.

For quantification of antigen abundance, stain-
ing intensities (optical densities) within 6 ran-
domly chosen surface areas (microscopic
fields, 40 x objective) per slide were deter-
mined using the color deconvolution plugin
algorithm in Image) FlJI (created by J. W.
Rasband at the US National Institutes of
Health). From the average values for each tis-
sue type, the means (+ SEM) were calculated
[16, 17].

Statistical analysis

The statistical significance was assessed by
Fisher exactitude, T-test and the one-way
ANOVA test (post hoc: Tukey’s multiple com-
press tests) using the computer program
GraphPad PRISMA 7.0. For all statistical tests,
P<0.05 was considered significant.

Fisher exact test was used to test the signifi-
cance of the proportion of each variable, T-test
to compare means of 2 groups, and Tukey’s
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multiple compress to compare the means of
more than 2 groups.

Results
MUC1 expression in diseased colon mucosa

We examined expression level and localization
of MUCL1 in clinical specimens from patients
with different types of pathological alterations
within the colon mucosa by immunohistochem-
istry. The studied patient cohort (n=70) consist-
ed of 13 (healthy) controls, 18 cases of IBD
(@among them 8 samples classified as CD, 8 as
UC and 2 as unspecific inflammation) and 39
cases of CRC. The samples were subjected
to qualitative and quantitative assessment of
MUC1 expression by immunohistochemistry.

Figure 1 shows a typical example of anti-MUC1
stained sections from each of the three gro-
ups, visualized at two different magnifications.
Strong or very strong apical and luminal stain-
ing was observed in the glandular epithelial
cells of both inflamed and tumorous mucosa,
while in normal mucosa immunoreactivity was

Int J Clin Exp Pathol 2019;12(5):1731-1737



MUC1 in inflammation and cancer

A 401 ) xk% ,
x%
* 304
=
2
3 20+
8
a
O 104
04
B xx%
601 I i
x%
A
® N
= 407 L4
[ *x A, 4
S AL
© Ak
® ] ry
"26. 204 .:.. A:::‘tl
o] L Laa
0 e T T
Nm Im Tm
C | * \
—_ 80_ I 1
g P
Lo
ER= i
3‘%; 60
aw
E L
a5 401
8
c &
o5
S O 201
oo
w35
=
0 T T

Nm Im Tm

Figure 2. Quantitative assessment of MUC1 expres-
sion in healthy and pathologic colon mucosa. (A)
Quantification of MUC1 expression in normal (“Nm”),
IBD (“Im”) and tumorous CRC (“Tm”) biopsies by
determination of mean optical intensity. From each
biopsy of the respective groups, staining intensities
(optical densities) for 6 arbitrarily selected micro-
scopic fields, (x 40 objective) were determined as de-
tailed in the Material and Methods section. Error bars
represent standard deviations (+ SEM). Significance
was determined by the Tukey’s multiple comparisons
test (GraphPad PRISMA 7.0) computer program) **:
P £ 0.01, ****: P < 0.0001. Average optical den-
sities were included only for samples,positive here
mean presenting immunoreactivity under micro-
scope (B) Distribution of MUC1 immunostaining in-
tensity within the investigated groups of normal and
diseased colon mucosa specimens (designation of
groups, methodology and statistics as in (A)). Bars
represent the respective median values. (C) Analysis
of subcellular distribution of MUC1 in the groups of
colon mucosa specimens under study. The percent-
age of staining in the cytoplasmic compartment was
determined for all specimens investigated by micro-
scopic estimation and expressed as percentage of
total cells. Significance was determined by Fisher
exactitude test, *: P < 0.05.
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very small. IBD and CRC samples showed dif-
ferent subcellular distribution of MUC1. While
in IBD samples, immunostaining preferentially
localized to apical membranes, in CRC tissues
MUC1 staining mostly showed a diffuse cyto-
plasmic localization.

Correlation of MUC1 expression with different
types of colon mucosa disorder

We performed a quantitative analysis of MUC1
immunochemical reactivity in relation to the
type of colon disease. Out of each studied
groups of patient samples (normal, IBD and
CRC), six sections were selected at random. In
each section, the staining intensity was deter-
mined in six microscopic fields. MUC1 expres-
sion after microscopic examination (defined as
“reactive”) in normal, inflamed, and tumorous
tissues were 23% (3/13), 72% (13/18) and
79% (31/39) respectively. The correlation of
MUC1 expression with colon musosa disease
was highly significant (P=0.0004). We then
determined optical densities of immunostain
in the three biopsy groups and found mean
MUC1 expression markedly increased in infl-
amed compared to normal colon tissue
(18.96% * 0.55 vs 1.72% + 1.58). The highest
mean level of MUC1 expression was observed
in the CRC specimens (27.26% + 1.24). The rise
in MUC1 expression in relation to healthy tissue
was highly significant for both types of disease
P=0.0025 and P<0.0001, respectively). Also,
the distinction between IBD and CRC in terms
of MUC1 expression was significant (P=0.005)
(Figure 2A).

The distribution of individual MUC1 expression
levels within the IBD group was relatively ho-
mogeneous (median 18.82), whereas the CRC
group showed a far more heterogeneous distri-
bution (median 24.60). The difference betwe-
en the two groups was significant (P=0.005)
(Figure 2B).

Next we further characterized the subcellular
distribution of MUC1 expression and deter-
mined the percentage of cytoplasmic stain in
all three groups under investigation. The per-
centage of cytoplasmic MUC1 abundance was
30.76% within the IBD group and 70.96%
within the CRC group. This difference between
the two altered colon mucosa groups was Sig-
nificant (P=0.0199) (Figure 2C).

Int J Clin Exp Pathol 2019;12(5):1731-1737
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A Number of cases  [%)
n=39
Tumor staging (UICC 2010)
pT1 20 51.28%
pT2 9 23.07%
pT3 8 20.51%
pT4 2 5.12%
Lymph node status (UICC 2010)
pNO 34 87.17%
pN1 1 2.56%
pN2 4 10.25%
Lymph vessel invasion
LO 34 87.17%
L1 5 12.82%
Vein invasion
Vo 35 89.74%
V1 4 10.25%
Grading
G1 24 61.53%
G2 9 23.07%
G3 6 15.3%
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Figure 3. Association of MUC1 expression levels with
CRC tumor grade. (A) Clinicopathologic parameters
of CRC samples investigated in this study. (B) Com-
parison of MUC1 expression intensity in biopsies ob-
tained from low grade and high grade CRC tumors.
“Low grade tumor” refers to the G1 cases (n=24),
“High grade tumor” to the combined G2 and G3
cases (n=15) from (A). Acquisition and presentation
of data and statistics is as in Figure 2A; *: P < 0.05.

Correlation of MUC1 expression with the tumor
grade

The finding that CRC samples showed a partic-
ular heterogeneity with regard to MUC1 expres-
sion prompted us to study in how far the level
of MUC1 expression was associated with can-
cer characteristics. The 39 CRC tissues in-
cluded within the study were categorized with
regard to clinicopathologic parameters (Figure
3A). For most of the parameters, the relatively
small number of samples combined with the
dominance of individual subgroups did not
allow for a meaningful correlation of MUC1
expression with cancer specifications. However,
consideration of the tumor grade in connection
with MUC1 expression yielded a significant
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correlation: Comparison of low grade (G1) with
high grade G2/G3 tumors showed significantly
stronger MUC1 expression in high grade CRC
tissue (31.16% + 2.9 vs 24.28% = 1.37,
P=0.0433) (Figure 3B).

Discussion

The finding that expression levels and subcel-
lular distribution of MUC1 are significantly dis-
tinct between colon mucosa from healthy in-
dividuals and from IBD and CRC patients,
respectively supports the notion of a crucial
role of MUC1 in inflammatory and cancerous
conditions of the colon. Our estimation of MUC1
expression in CRC cases is in consistent with
earlier reports. There are, however, also contra-
dicting publications [18, 19]. This considera-
ble heterogeneity in interpretation is perhaps
attributable to the properties of antibodies
used in different studies, i.e. their respective
recognized structures of the antigen. MUCl is a
huge and dynamic molecule that exists in dif-
ferent variants, e.g. in hyper- or hypoglycosylat-
ed forms or as a full size or processed protein
[12]. The used antibody in this study recognizes
amino acid 961-1255 at the C terminus of
human MUCL. This section of the MUC1-C sub-
unit is involved in function.

Most of the previous studies on MUC1 function
in cancer dealt with MUC1-N, since this subunit
was described as overexpressed and aber-
rantly glycosylated in breast cancer. Based on
these findings, early work on targeting MUC1
by drugs focused on MUC1-N. Only recently,
MUC1-C was recognized as the oncogenic sub-
unit and, thus, has been addressed as a po-
tential target [20].

With regard to IBD, studies in various mouse
models have been performed to characterize
the involvement of MUC1 in the pathogenesis
of these diseases. In IL-10(-/-) mice crossed to
human MUC1-transgenic mice, MUC1 expres-
sion was shown to accelerate the disease and
its progression to CRC [21]. Abnormal MUC1
expression in an IBD mouse model was also
detected in pancreas where it may cause asso-
ciated pancreatitis [22].

Regardless of these and other revelations, very
few data describing the expression of MUC1 in
cases of UC and CD are available. Our data
show a significant upregulation in MUC1 expres-

Int J Clin Exp Pathol 2019;12(5):1731-1737
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sion in these disease states compared to
healthy biopsies, which is in agreement with
the two previous reports [23, 24].

Our study shows that MUC1 expression is sig-
nificantly stronger in CRC compared to IBD,
supporting the concept of a gradual develop-
ment from chronically inflamed tissue to cancer
through mutual, cytokine and chemokine driv-
en interactions of epithelial cells with the micro-
environment [25, 26]. Although the two types
of microenvironment in IBD and CRC appear
similar and involve activities of comparable
effectors and mediators, qualitative differenc-
es obviously exist [27, 28]. Several studies
have revealed that the activities of pro-inflam-
matory cytokines such Interleukin (IL)-1, IL-6
and Tumor Necrosis Factor-(TNF-) o strongly
influence the expression of MUC1 [29, 30]. On
the other hand, MUC1 was also shown to foster
CRC development by inducing pro-inflammatory
cytokines in a mouse disease model [31, 32].

A further interesting aspect is the localization
of MUCL. In this study, apical localization of
was observed in almost all MUC1-positive sam-
ples including normal mucosa. In contrast, dif-
fuse cytoplasmic expression was seen only in
the two groups of lesional mucosa, indicating
an association between cytoplasmic localiza-
tion and cellular stress. Notably, the localiza-
tion of MUC1 to the cytoplasmic compartment
was found more related to malignant cells
than to cells showing inflammatory alterations,
hinting at a functional role of MUC1 in the
course of tissue transformation to cancerous
characteristics.

Lastly, our study revealed a significant associa-
tion of the MUC1 expression level with the
grade of CRC. An increase in MUC1 intensity
was noticed in undifferentiated tumor cells
which is consistent with some previous reports
[33, 34]. The differentiation grade of tumor is
a major feature in classifying solid malignan-
cies [35]. Potential future therapies may aim at
convert undifferentiated cells back to “normal”
[36].
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